1. Protein fractional synthesis rate (FSR) was measured in some major tissues and in the whole body of six 1-week-old sucking lambs by a large injection of ~- 4. The relative percentage contribution of liver, skin and skeletal muscle to whole-body protein synthesis was 11.7, 13.1, and 29.0.
The continuous balance between body protein synthesis and breakdown (protein turnover) regulates protein deposition, and hence commercial productivity for farm livestock. Over the past 15 years, studies of protein synthesis have been performed in pigs (Garlick et , heifers (Hammond et al. 1987 ) and beef steers (Lobley et al. 1987 ). However, quantitative information for both whole-body and tissue protein synthesis is scarce since the constant-infusion technique used in most of these experiments has severe limitations, extensively detailed elsewhere (Waterlow et al. 1978 ). In addition, there is some controversy over the partitioning of protein synthesis between tissues in several species . Consequently, the study of mechanisms controlling protein deposition in the whole body, the viscera and tissues of economical interest (muscles) is poorly documented in farm animals.
We recently reported protein fractional synthesis rate (FSR) in the gastrointestinal tract of young preruminant lambs by a large-dose injection of ~-[3,4(n)-~H]valine (Attaix & Arnal, 1987) . The present study describes the rates of protein synthesis in liver, skin, skeletal muscle and whole body of these animals. The large-dose technique increases considerably the accuracy of protein FSR measurements in lambs (Attaix et al. 19866;  
D. ATTAIX A N D OTHERS M A T E R I A L S A N D METHODS
Animals and measurements The six Ile de France x Romanov-Limousin male lambs (4.5 (SE 02) kg live weight; 7-8 d of age) were those used in Expt 1 of our recent report on protein synthesis in the gastrointestinal tract of the young lamb (Attaix & Arnal, 1987) . Animals were given only a commercial milk replacer ad lib. ('Agnodor'; Union Univor, Paris) supplied by nipple feeders. The technique for measuring protein synthesis has been described previously in detail (Attaix & Arnal, 1987) . In brief, the lambs were given a single intravenous injection of 17.1 mmol unlabelled ~-valine/5 kg body weight, i.e. approximately 14.4 times the whole body free valine content (Attaix et al. 1986b) . This large amount of valine was combined with ~-[3,4(n)-~H]valine (specific radioactivity 25-50 Ci/mmol; Amersham International plc, Amersham, Bucks) to give 0.45 mmol and 95 pCi/ml saline (9 g sodium chloride/l). Blood samples were then regularly collected and plasma isolated. Pairs of anaesthetized animals were killed 5, 13 and 30 min after injection. The thoracic and abdominal cavities were immediately opened. The liver was excised, immersed in ice cold saline and cut into small pieces to minimize blood contamination. Portions were then blotted and frozen in liquid nitrogen. The mainly red (M. diaphragma), the predominantly white (M. tensor fasciae latae (M. TFL)) fibre-type muscles and a 100 x 100 mm piece of shaved skin on the back of the animals were dissected and immediately frozen. The remainder of the lambs (exsanguinated whole body, without the gastrointestinal tract and liver) was chopped up and rapidly frozen. The frozen remainder was minced in liquid nitrogen with a meat grinder. A portion was taken for further analysis and stored with tissue samples at -15".
The specific radioactivity of valine, either free in plasma or in tissue homogenates (SA), and covalently bound in protein (SB) was determined (Attaix et al. 19866; Attaix & Arnal, 1987) . The protein FSR (%/d) was calculated from the equation:
where t is the incorporation time in days, and SA is the specific activity of free valine between to and t , determined according to . FSR were calculated assuming that the SA values in the plasma (FSRMinimum(Min) calculation) and in the tissue homogenate (FSR,aximum(Max) calculation) defined that of valyl tRNA.
The ASR (g protein synthesized/d) were calculated by multiplying tissue protein content, obtained by a Kjeldahl procedure ( N x 4 2 5 ) , by FSR,,.
For the remainder ASR, allowance was made for the skin and skeletal muscle samples that had been removed for measuring protein FSR.
Statistical procedures The time-courses for SA and SB were analysed by linear regression. Protein FSR, i.e. the slopes of best-fit of SB(t) v. (SA x t) were compared according to Snedecor & Cochran (1971) . The standard errors for slopes and intercepts of regression lines were computed as described by Sokal & Rohlf (1969) .
R E S U L T S
The time-courses for SA and SB were linear after [3H]valine injection (Fig. 1) . A small decline (maximum 17 %) was observed for SA in the plasma and all tissue homogenates, between 5 and 30 min. The SA ratio, tissue homogenate : plasma, was at a minimum in the skin (0.82(s~ 0.02)), ranging from 0.85 (SE 0.02) to 088 (SE 0.01) in liver and muscles, and was 0.96 (SE 0.01) in the remainder of the lambs. 0.6) g/d per kg body-~eight'"~. The mean whole-body protein FSR, derived from the WBPS divided by the body protein content, was 23*9%/d. The relative percentage contribution of liver, skin and muscle to WBPS was 11.7, 13.1 and 29-0 respectively (Table 2) . When protein ASR were calculated from FSRMi,, these relative contributions were in a very similar range (10.6, 12.0 and 26.8 % for liver, skin and muscle respectively). With both calculations, the liver and skin together synthesized approximately as much protein as muscle.
Protein synthesis in Iambs

DISCUSSION
Validity of measurements of whole-body protein ASR
Two main ways of measuring WBPS rates in large animal species have been previously reported. The most commonly used is the constant intravenous infusion of a labelled amino acid. Through blood samples, the measurement of the irreversible loss rate of the label provides a simple and rapid method from which the rate of WBPS can be calculated. The second way is to determine protein FSR and then ASR in some major tissues, after infusion or injection of tracer doses of labelled amino acids. Then, an approximate rate of WBPS is calculated by adding the ASR values. However, both procedures have severe limitations and uncertainties which have been discussed in detail elsewhere (Waterlow et al. 1978; . The present paper differs fundamentally from previous studies performed in farm animals in that (1) we used a large-dose technique and (2) we derived WBPS from direct FSR measurements in all tissues, including the viscera-free carcass. This has not been done previously in infused farm animals. However, in fairness the size of animals used in infusion experiments has usually been at least six times larger than those used in the present study and such experiments would therefore be accompanied by technical difficulties. The advantages of measuring protein FSR in lambs with a flooding-dose technique have been previously discussed (Attaix et al. 1986 6 ; Attaix & Arnal 1987). Point (2) is of interest since the validity of protein FSR measurement in the remainder of our lambs may be questionable. The time elapsed between slaughter and the final freezing of the remainder in liquid N, was 11-16 min. This was considerably longer than the time necessary for cooling individual tissue samples (2-7 min). Thus, SA or SB, or both, might be altered which would result in a misleading remainder protein FSR. We have previously reported no change or a small decrease for SB with time after slaughter (5-15 min) in jejunal tissue protein (Attaix et al. 19866) . SA measurements in the remainder (Fig. 1) suggested that little if any alteration for SA occurred by unlabelled valine arising from protein breakdown. Consequently, the SA ratios, remainder homogenate : plasma, remained very high (0.96 (SE 0.01)). We concluded therefore that the error made in the remainder protein FSR determination, and subsequently in WBPS, was in the same range as for other tissues.
Tissue protein FSR
From the present findings, and those previously reported for the gastrointestinal tract of our lambs (Attaix & Arnal, 1987) , tissue protein FSR in preruminant lambs can be classified in the decreasing order : liver, small intestine, stomach (abomasum), large intestine, smooth muscle (abomasal musculosa), skin, whole body, skeletal muscles. This decreasing order of FSR corresponded exactly to that reported in large-dose experiments in tissues of 100 g (McNurlan & Garlick, 1980) and of 3-to 105-week-old rats 'Lewis et al. 1984) , except for liver and small intestine. Rats used in those experiments were weaned animals. It has been reported in lambs (Combe et al. 1979) , rats (Reeds et al. 1982) and piglets (Seve et al. 19866 ) that weaning enhanced small intestinal protein FSR. S h e et al. (19866) found that liver protein FSR was higher than the small intestinal value in immature piglets, as in our lambs; the reverse pattern was observed in sucking lean Zucker rats (Reeds et al. 1982) (Table 3) . We have evidence that liver protein FSR fell abruptly with increasing age in sucking lambs whereas small intestinal FSR remained very high (Attaix et al. 1986a) . The apparent discrepancy between liver and small intestinal protein FSR, within different immature species, could therefore be related to developmental changes.
Another apparent difference between lambs and rats is the skin protein FSR (Table 3) All measurements reported in Table 3 were obtained with flooding-dose techniques in young mammals or chicks. An absolute comparison of these values has no sense since the stage of development of the animals varied according to the species. In addition, protein FSR depends closely on age (Waterlow et al. 1978) . However, although tissue protein FSR was generally slightly higher in rats than in lambs, piglets or chicks, the range of protein FSR for a given tissue within the four animal species, including birds, suggested that inter-species differences were rather limited.
Contribution of tisjues to WBPS
Since the reviews of and little advance has been made in comparisons of tissue contributions to WBPS between species, due to the lack of reliable reports available (Waterlow, 1984) . This point is, however, of importance. If the contribution of an individual tissue varies between species, one can postulate that the control mechanisms of protein synthesis, or their amplitude, must also differ. Consequently, 
1003 ( Recalculated from McNurlan & Garlick (1980) , assuming that the whole-body protein content was 160 // Duodenum. protein deposition as well as the response of species to manipulations of protein metabolism could also vary . Table 3 shows the partitioning of WBPS between tissues in lambs, rats, pigs (B. Seve, personal communication) and chicks. We compared only these estimates, obtained by flooding-dose procedures, to avoid inter-method variation. Furthermore, it is noticeable that tissue and WBPS in lambs, chicks and 18-d-old lean Zucker rats (Reeds et al. 1982) , were derived from the same experiment, so that the summation to 100% was realistic. Finally, in these studies a Kjeldahl method was used to estimate the whole-body protein mass. Indeed, the partitioning of total synthesis between tissues depends closely on the technique used for estimating body protein content and then calculating WBPS. This can be demonstrated as follows. The contribution of tissues with high protein FSR (liver, intestine) to WBPS has probably been overestimated in previous experiments performed in rats (McNurlan & Garlick, 1980; . In these experiments, the whole-body protein content was measured by the method of Lowry et al. . It is generally accepted that young male rats contain 1&17% crude protein (Munro & Fleck, 1969) . McNurlan & calculated WBPS in 100-g rats by multiplying the whole-body protein FSR (0336/d) by its corresponding protein mass (9.3 8). Accordingly, they found that their animals would synthesize 3.13 g protein/d and that the relative contribution of liver (protein ASR = 743 mg/d) and small intestine (protein ASR = 477 mg/d) to WBPS would be 23.7 and 15.2% respectively. Assuming that the rat body protein content is 16%, WBPS is actually 5.38 g/d. Consequently, in this experiment, liver and small intestine contribute only 13.8 and 8.9 ' YO of total synthesis respectively.
Skeletal muscle, skin, liver (except in immature rats) or small intestine (Table 3) provided a fairly constant proportion of WBPS (25-35, 13-18, 11-15 and 9-16% respectively) . The added contribution of visceral tissues, liver and the small intestine, was in the range 21-26 %, including birds. In addition, skin and the visceral tissues together synthesized a greater proportion of protein than muscle in sucking lambs or piglets. Young rats exhibited the same pattern (McNurlan & Garlick, 1980; Preedy et al. 1983) , even when the limitations quoted above are taken into account. All these observations clearly support very small species differences, in immature and young animals. 
